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(Kawakami et al, The abstract of 50 th confederation lecture of Japan Society of Applied 
Physics, spring of 2003, the third volume, pl340). 

[Title] 29p-B-8 

Formation of Organic Switching Devices with Spin Coated Method 
[Summary] 

It has been reported by Y. Yang et al. that a device in which an organic material of 
aminoimidazole dicarbonitrile (AIDCN) is divided into two layers by an inter-middle 
layer of Al to have three-layered structure has electrical bistability. In this meeting, 
we report that a device of AIDCN, being single layered structure without any 
inter-middle layer, is as well capable of exhibiting electrical bistability. 
[Experiment] 

Onto a glass substrate, a vapor deposition was performed to form thin films of Al 
electrode layer, an AIDCN layer and Al electrode layer, in the order. The surface area 
of electrode in the device was 0.25 (mm 2 ), and the layers were 100/80/100 (nm) thick, 
respectively. 
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STATEMENT OF RELEVANCY 

KAWAKAMI et al., cont. 
. [Result] 

Fig.l shows an exemplary current-voltage characteristic of the present device. With 
bias voltage apphed increasingly from 0 V, the insulting state (off state) at the 
beginning was shifted to a state (ofiffon transition state), where a sudden increase of 
current at a certain threshold voltage is observed. Then, the current was kept under 
the low resistance state (on state) even with bias voltage applied decreasingly. The 
threshold voltage was around 3V, and the ratio of on-state current to off-state current 
was 10 5 . With the use of AFM, we observed a fine polycrystalline structure in the 
AIDCN layer. Further, we observed a peak signal of d=3.26A in X-ray diffraction with 
configuration of out-of-plane, while not with configuration of in-plane or powdery, 
suggesting that the layer is formed with directional association onto the glass substrate. 



(Adachi et al, The abstract of meeting of Japan Society of Applied Physics, spring of 
2002, the third volume, pl236). 

[Title] 27a-M-5 

Formation of Cu:TCNQ CT-Complex thin films by vacuum co-deposition and the 

switching devices 

[Summary] 

Electrical switching phenomena in Cu:TCNQ (Tetracyanoquinodimethane) of a 
Cu/Cu^TCNQ/Al device has been reported by R. S. Potember et al.. However, the 
Cu/Cu^TCNQ/Al device prepared by a spontaneous electrolysis technique has a problem 
of making a thin film thereof, with unvarying quality, due to its property of large-size 
polycrystalline. It also has a problem in its durability on performing a switching 
characteristic. In this study, we have succeeded in applying vacuum co-deposition 
technique instead of the spontaneous electrolysis technique, controlling the ratio of the 
materials in co-deposition, to form amorphous-type thin film of Cu:TCNQ, which has 
properties of switching. The present device enables an organic LED composed thereof 
to drive, in which simple matrix circuit formed in the element of the device can function 
as an active circuit. 
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STATEMENT OF RELEVANCY 

ADACHI et al., cont. 
[Experiment] 

After deposition of 20nm*thick Al onto a cleaned ITO substrate, the formed Al film was 
exposed to air and subjected to an UV treatment, which made the surface oxidized into 
AI2O3. Then a co-deposition to form lOOnnrthick Cu'TCNQ was performed onto the Al 
film, which was followed by deposition of Al to be lOOnm thick, thereby forming the 
present device. We have investigated the effect of the ratios of materials i.e. 0-1, 1'2, 
1:1, 3:2, 2:1, 4:1 on co-deposition of Cu*TCNQ. The device formed was subjected to a 
low current treatment for aging to induce the switching characteristic. 
[Result] 

When Cu is contained in Cu'TCNQ with the ratio of 1*1 or more, amorphous-type thin 
film of Cu'TCNQ can be formed evenly. On the other hand, with less content of Cu in 
Cu'TCNQ, a film with ~2|xnrsize particle of polycrystalline was formed and the film 
was not formed evenly. The thin film of Cu'TCNQ with the ratio of 1*1 exhibited, 
because of its CT complex, new absorption between the region of visible radiation of 
600nm~ 1200nm. In IR spectrum, it was also observed that the film exhibited new 
absorption because of its CT complex, in which the peak frequency 2226 cm 1 caused by 
oscillation of CN residue in a single layered film of TCNQ was shifted to high frequency 

domain, resulting with the peaks of 2197 and 2168 cm 1 . The device of 
ITO/Al/Cu*TCNQ/Al exhibited a reliable switching characteristic on applying a voltage 
of 10 ±2 V (Fig. 1). With bias voltage applied in the order as indicated in the figure 
with the corresponding numbers, the high resistance state went on during the course 
from negative bias to positive bias, and then the state was shifted to the low resistance 
state at around 10 V during the course conversely from positive bias to negative bias. 
Further, with bias voltage applied in the low resistance state to increase toward positive 
bias, the state was again shifted to the high resistance state at around -10 V. This 
cycle can be attained repeatedly ~100 times, in which, between low resistance state 
and high resistance state, the ratio of current density at a bias voltage of 5 V was up 
around one magnitude. 



